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Effect of Biotic Elicitors on Enrichment
of Antioxidant Properties and Induced
Isoflavones in Soybean
S.M. BOUÉ, F.F. SHIH, B.Y. SHIH, K.W. DAIGLE, C.H. CARTER-WIENTJES, AND T.E. CLEVELAND

ABSTRACT: The antioxidant properties of methanolic extracts from soybean obtained with germination, wounding,
and application of biotic elicitors were evaluated. Also, the relationship between observed antioxidant properties
and compositional changes in isoflavone content was determined. The 2 biotic elicitors used in this study were the
food-grade fungus Aspergillus sojae and A. sojae cell wall extract. Isoflavone content was determined by C18 reverse
phase high-performance chromatography coupled with a photodiode array detector. Antioxidant activities of the
extracts were measured using 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging and β-carotene coox-
idation in a linoleate system. Higher antioxidant activities were observed in wounded and elicitor-treated extracts
when compared with nonwounded control extracts. In addition, the phenolic content was higher in extracts from
wounded and elicitor-treated soybean. Germination for 3 d slightly decreased total isoflavone content (–4.3%); how-
ever, wounding increased total isoflavone content (25.8%). The soybean extracts from seeds treated with A. sojae
biotic elicitors had the highest total isoflavone contents (9.8 to 11.6 mg/g extract) and displayed the highest antioxi-
dant activities in both the DPPH and β-carotene assays. Also identified in the wounded and elicitor-treated extracts
were the induced isoflavones glyceollins that contributed to the higher isoflavone contents observed.
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Introduction

Soybean (Glycine max) consumption has been linked to many
health-promoting activities, including reduced risk of various

cancers (Adlercreutz 1990; Wu and others 1996; Fournier and oth-
ers 1998; Messina and Loprinzi 2001) and coronary heart disease
(Diplock 1994; Rice-Evans and others 1996). Many of the health
benefits of soybean have been attributed, in part, to the presence
of isoflavones (Ruiz-Larrea and others 1997; Lee and others 2004,
2005). Isoflavones act as anticancer agents through several dif-
ferent mechanisms, but researchers have postulated that part of
the reason is the ability of isoflavones to function as antioxidants.
Isoflavones have been shown to inhibit free radical formation
(Ruiz-Larrea and others 1997; Lee and others 2004, 2005), re-
duce lipid oxidation (Kapiotis and others 1997), and stimulate
antioxidant enzymes (Kameoka and others 1999). The ability of
isoflavones to act as antioxidants is based on the fact that they are
able to form delocalized unpaired electrons, stabilizing the formed
phenoxyl radical after reaction with lipid radicals (Gordon 1990).
Isoflavones found in soybean are in the aglycone, β-glucoside,
6-O”-malonyl-β-glucoside, or 6-O”-acetyl-β-glucoside forms
(Barnes and others 1994; Wang and Murphy 1996; Wang and others
1998; Murphy and others 2002; Lee and others 2004). Raw soybeans
contain predominately the glucoside forms of the isoflavones
and a low percentage of the aglycone form. Many of the health-
promoting activities of isoflavones have been attributed to the
aglycone form of isoflavones; however, the glucoside forms also
possess antioxidant activity (Lee and others 2005).
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Several factors can alter soybean isoflavone concentrations.
Isoflavone concentrations have been shown to change during ger-
mination. Kim and others (2004) reported significant increases in
the aglycones daidzein and genistein during the 1st 8 d of germina-
tion and only slight increases in glycosides. In addition, several sig-
nificant changes in isoflavone concentration occur in response to
stress or elicitor treatment. Soybean cotyledons treated with Phy-
tophthora megasperma f. sp. glycinea wall glucan contained higher
concentrations of both isoflavone aglycones and glycosides (Gra-
ham and Graham 1991). In response to stress, soybean produces
the phytoalexins glyceollins I, II, and III that are derived from the
isoflavone daidzein (Darvill and Albersheim 1984; Graham and oth-
ers 1990; Graham and Graham 1991; Paxton 1991). The glyceollins
are low molecular weight antimicrobial compounds that are syn-
thesized de novo and accumulate in different soybean tissues. The
glyceollins are lipophilic isoflavones that are products of secondary
metabolism and often accumulate at infection sites in concentra-
tions that inhibit fungal and bacterial growth. Countless stress fac-
tors or physical stimuli induce the glyceollins accumulation, in-
cluding wounding, freezing, ultraviolet light exposure, and expo-
sure to microorganisms (Darvill and Albersheim 1984; Graham and
others 1990; Graham and Graham 1991; Paxton 1991). Although the
glyceollins are detected at high concentrations in soybeans during
stress, they have also been detected at trace levels in nonelicitor
treated soybean seeds (Kraus and others 1995).

Research in our laboratory has focused on the antiestrogenic
activity of the glyceollins in vitro (Burow and others 2001) and
in vivo (Salvo and others 2006; Wood and others 2006). In con-
trast to the estrogenic effects of the constitutive soy isoflavones
daidzein and genistein, the glyceollins displayed a marked antie-
strogenic effect on estrogen receptor signaling, which correlated
with a comparable suppression of estrogen-induced proliferation
of breast cancer cells. This antiestrogenic activity was also observed
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in an animal model system. Treatment with glyceollin suppressed
estrogen-stimulated tumor growth of breast and ovarian cancer
cells in overiectomized athymic mice (Salvo and others 2006). A 2nd
animal study with female postmenopausal cynomolgus macaques
was conducted to test the effects of a glyceollin-enriched soy pro-
tein isolate produced from stressed soybeans on estrogen exposure
(Wood and others 2006). The treatment group receiving estrogen
along with the glyceollin-enriched soy protein displayed no signif-
icant increase in breast proliferation. These results suggested that
glyceollin-enriched soy inhibited the harmful effects of estrogen
and further investigation of the glyceollin’s effect on health is war-
ranted, including their ability to function as antioxidants.

Very little data are available on the antioxidant activity of extracts
obtained from germinating and elicitor-treated soybean seeds. In
the present study, we evaluated the antioxidant activity of sev-
eral soybean extracts obtained under varying conditions using the
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging and the
β-carotene cooxidation methods. The DPPH method has been
widely used to evaluate the free radical scavenging effectiveness of
plant extracts. The rate of bleaching of β-carotene is also a widely
used method to determine antioxidant activity. The antioxidant ac-
tivities of soybean extracts obtained from germinating seeds were
compared to raw (dry) seeds to test the hypothesis that germina-
tion alters phenolic content and antioxidant activity. Extracts con-
taining the induced isoflavone glyceollins were also obtained from
wounded seeds and seeds exposed to both the live fungus and a
fungal cell wall extract from Aspergillus sojae. The present study
was conducted to evaluate total phenolics and antioxidant activ-
ities of induced soybean extracts for their possible utilization in
foods or functional foods or pharmaceutical supplements.

Materials and Methods

Materials
Seeds from the soybean (Glycine max L.) culitvar Asgrow 5902

were obtained from Helena Chemical Co. (Thibodaux, La., U.S.A.).
Aspergillus sojae (SRRC 1125) cultures were obtained and grown at
the Southern Regional Research Center, USDA, New Orleans, La.,
U.S.A.

Chemicals
HPLC-grade methanol, acetonitrile, and water were used as sol-

vents for the study and were purchased from Fisher Scientific (Pitts-
burgh, Pa., U.S.A.). Genistein, genistin, daidzein, daidzin, glycitein,
and glycitin were obtained from Indofine Chemical Co. (Somerville,
N.J., U.S.A.). The glyceollins used as a standard for quantitation
were isolated using a procedure developed at the Southern Re-
gional Research Center, USDA (Burow and others 2001). Soybean
seeds (200 g) were sliced and inoculated with A. sojae. After 3 d,
glyceollins were extracted from the inoculated seeds with 100%
methanol. The glyceollins (mixture of glyceollins I, II, and III in
a ratio of 6:2:1) were isolated using preparative-scale HPLC and
confirmed by UV-VIS spectrophotometry, electrospray mass spec-
trometry, and NMR. The solvents acetonitrile (HPLC grade) and
methanol were purchased from Aldrich Chemical Co. (Milwaukee,
Wisc., U.S.A.). H2O treated with a Millipore system was used during
sample preparation procedures and HPLC analyses. 2,2-diphenyl-
1-picrylhydrazyl, β-carotene, linoleic acid, and Folin–Ciocalteu
reagent were purchased from Sigma (St. Louis, Mo., U.S.A.)

Soybean treatments
Aspergillus sojae (SRRC 1125) cultures were grown at 25 ◦C in the

dark on potato dextrose agar. After 5 d, inoculum was prepared by

harvesting conidia (3.4 × 107/mL) in 15 mL sterile, distilled H2O.
For the preparation of the cell wall extract, the method of Zeringue
(1984) was used with slight modification. A. sojae spores were in-
oculated into the defined medium of Adye and Mateles contained
in 500 mL culture flasks. The inoculated media was kept at 29 ◦C
with shaking for 4 d. Mycelia were washed with distilled water,
homogenized with 0.1 M phosphate buffer, filtered, defatted with
chloroform–methanol (1:1), washed with ethyl ether, and air dried.
Mycelia were resuspended in water, autoclaved for 3 h at 121 ◦C,
and filtered, and the filtrate volume was concentrated by vacuum
distillation. Next the concentrated filtrate was dialyzed against wa-
ter at 2 ◦C, and then lyophilized. A cell wall extract (CWE) solution
was prepared using 1 g lypholized CWE in 100 mL water.

Soybean seeds were surface-sterilized for 3 min in 70% ethanol
followed by a quick deionized-H2O rinse and two 2-min rinses in
deionized-H2O. Seeds were soaked in sterile deionized H2O for 4 h
prior to placement into Petri dishes. Each Petri dish (100 × 15 mm)
was lined with 1 autoclaved filter paper (Whatman) moistened with
0.5 mL distilled H2O. Seeds were wounded by cutting with a ster-
ile razor longitudinally along the length of the seeds. A. sojae spore
suspension (10 μL) and cell wall extract (10 μL) were applied to the
cut surface of each seed for elicitor treatments. All chambers were
stored at 25 ◦C in the dark for 3 d, and then transferred to –80 ◦C.
Extracts were prepared from each seed treatment.

Extract preparation
Approximately, 6 g of seed material from treatments were

lyophilized, ground, and defatted with 90 mL hexane in a Soxh-
let apparatus. In some cases, a small radicle (1 to 4 mm) formed
during germination and elicitor treatments, but the whole seedling
was ground during sample preparation. The fat-free residue was
air-dried. The antioxidant components were extracted from a 5-g
aliquot of this material using 80% methanol. Each residue was ex-
tracted twice with 50 mL 80% methanol for 1 h by ultrasonic treat-
ment. The combined extracts were filtered, vacuum-evaporated
to remove methanol, and freeze-dried. The dried material was
weighed to determine extraction yield, and stored at –20 ◦C until
use. The dried material (125 mg) was dissolved in 15 mL methanol
for antioxidant and HPLC analyses.

Determination of total polyphenolic compounds
The amount of total polyphenolic compounds was measured

by a method described by Taga and others (1984). In brief, about
125 mg of freeze-dried extract were dissolved in 15 mL methanol,
and 2 mL of extract solution were filled up with 0.3% HCl to 5 mL.
A 100-μL aliquot of Folin–Ciocalteau reagent (diluted with ethanol
1:1) was added. After 30 min, the absorbance was measured at
765 nm using a Shimadzu 160A spectrophotometer (Shimadzu,
Houston, Tex., U.S.A.). The concentration was calculated using
gallic acid as standard, and the results expressed as milligrams
gallic acid equivalents (GAE) per gram extract. Samples were
measured in triplicate.

Determination of antioxidant activity
with the DPPH radical scavenging method

To determine antioxidant activity of the soybean extracts, the
stable radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) was used fol-
lowing the method described by Matthäus (2002). Radical scaveng-
ing activity was measured by a decrease in the absorbance of DPPH
at 515 nm. For each extract, different concentrations were tested.
An aliquot (0.5 mL) of the DPPH solution (50 mg/100 mL) was di-
luted in 4.5 mL of methanol, and 0.1 mL of a methanolic solution
of the extract was added. The mixture was shaken vigorously and
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allowed to stand in the dark for 45 min. The decrease in absorbance
was measured at 515 nm against a blank with a spectrophotome-
ter. From a calibration curve obtained with different amounts of
extract, the ED50 (amount of extract required to quench 50% of the
initial DPPH radicals) was calculated.

Determination of antioxidant activity
with the β-carotene bleaching method

Determination of antioxidant activity using a β-carotene/
linoleic acid system was carried out according to the method de-
scribed by Marco (1968). A β-carotene solution was prepared by
dissolving 10 mg of the reagent in 200 mL chloroform. Two grams
of Tween 40 and 250 mg linoleic acid were added to 30 mL of the
β-carotene solution. An aliquot (3 mL) of the resulting mixture was
subjected to a stream of nitrogen gas to remove the chloroform. Af-
ter evaporation, 25 mL oxygenated distilled water were added and
the mixture was shaken to form a liposome solution. After 3 min,
3 mL of the emulsified solution were added 100 μL sample extract.
After a 2-min equilibration period in a cuvette, the solution was
read at 470 nm every 30 s for 15 min on a spectrophotometer with
the temperature of the chamber maintained at 50 ◦C. Antioxidant
activity was calculated as percent inhibition (percent reduction in
bleaching rate) relative to control using the following equation:

% antioxidant activity = [(Rcontrol − Rsample)/Rcontrol] × 100

where Rcontrol and Rsample were the bleaching rates of β-carotene in
a reactant mix with the control and plant extract, respectively.

HPLC analysis
HPLC analyses were performed on a Waters 2695 combined with

a Waters UV-VIS 2996 photodiode array detector (PDA) (Waters
Assoc., Milford, Mass., U.S.A.). Isoflavones were separated using a
Phenomenex Luna II C18 reverse-phase column (4.6 × 250 mm;
5 μm). A guard column containing the same packing was used to
protect the analytical column. The injection volume of sample was
20 μL with a flow rate of 1.0 mL/min with the following solvent
system: A = acetic acid/water (pH = 3.0), B = acetonitrile; 15% B
to 55% B in 58 min, then 55% B to 100% B in 16 min followed by
holding at 100% B for 6 min. The spectra were collected between
220 and 400 nm by PDA, and compounds were quantified at 260
(isoflavones) and 285 nm (glyceollins).

Standard curves
Standard curves were prepared for genistein, genistin, daizdein,

daidzin, glycitein, glycitin, and glyceollin. Approximately 1 mg of
each standard compound was dissolved in 80% methanol in water
(100 mL) to prepare stock solutions. A small volume of DMSO
(20 μL) was used to dissolve standards initially to improve solu-
bility. Each stock solution was serially diluted with 80% methanol
in water. Each isoflavone standard solution was injected into the
HPLC, and the relationship between peak area and concentration
from the UV-vis spectrophotometer was calculated. Although
standards for the malonyl-β-glycosides of genistin, daidzin, and
glycitin were not available, research by Kudou and others (1991)
has shown that the molar extinction coefficient of the malonyl
conjugate approximates that of the β-glucoside. Therefore, the
standard curves of genistin, daidzin, and glycitin were used for
quantifying the malonyl conjugates. Isoflavone concentration was
expressed as μg/g dried extract.

Statistical analysis
Results are presented as mean value ± standard deviation. Sta-

tistical comparisons were made by analysis of variance (ANOVA)

procedure followed by a Duncan’s multiple range tests. P < 0.05 was
considered significantly different.

Results and Discussion

Amount of extractable compounds compared
with extractable phenolic compounds

The effect of germination, wounding, and biotic elicitors on
extractable compounds and total phenolics is shown in Table 1.
The amount of extractable compounds was highest for the un-
wounded (dry and germinated) soybean extracts. The extractable
compound amounts ranged from 148.7 mg/g for the germinated
seed to 121.2 mg/g for the germinated, cut, cell wall extract (CWE)-
treated seed. The amount of total phenolic compounds in the ex-
tracts was determined by the Folin–Ciocalteau assay. Table 1 dis-
plays the results of this assay expressed as gallic acid equivalents.
The extracts contained between 11.3 and 22.0 mg of phenolic com-
pounds per gram extract. Total phenolic content was increased to
15.3 mg/g when seeds were treated with the A. sojae cell wall ex-
tract. However, the highest level (22.0 mg/g) was obtained from
the cut, A. sojae-treated extract. The dry seed extract contained
the lowest level (11.3 mg/g) of total phenolic compounds. Soak-
ing the seeds in water and allowing them to germinate for 3 d in-
creased the total phenolic content only slightly to 11.5 mg/g. How-
ever, germination with wounding increased the phenolic content to
14.2 mg/g.

The ratio of total phenolic compounds to the total extractable
compounds ranged from 7.7% to 17.6% (Table 1). This meant that
in all cases between 82.4% and 92.3% of the extractable compounds
were other than phenolic compounds. The lowest ratio was ob-
tained for the germinated seed extract (7.7%). A higher ratio was
obtained for the germinated, cut seed extract (10.9%). Treatment
with fungal CWE increased the ratio to 12.6%, and treatment with
A. sojae fungi increased the ratio to 17.6%. Wounding and treatment
with elicitor significantly increased the ratio of total phenolic com-
pounds to the total extractable compounds.

Isoflavone analysis and effects of biotic elicitors
Genistein, daidzein, and glycitein (see Figure 1) as well as their

β-glucosides (genistin, daidzin, and glycitin) and 6-O”-malonyl-
β-glucosides (malonylgenistin, malonyldaidzin, and malonylglyc-
itin) were successfully identified and quantified using HPLC. Also
identified in treatments involving wounding and elicitors were
the induced glyceollins (combined glyceollins I, II, and III; see
Figure 1). Figure 2 displays a representative HPLC chromatogram of
the soybean extract derived after treatment with A. sojae. Soybean
isoflavone content in dry and elicitor treatments is presented in Ta-
ble 2. Total isoflavone content, including glyceollin concentration,
increased with elicitor treatment. Soaking seeds in water and allow-
ing them to germinate for 3 d decreased total isoflavone content

Table 1 --- Total extractable compounds (EC; mg/g ex-
tract) and total phenolic compounds (PC; mg gallic
acid equivalents/g extract) obtained from soybean seed
treatments.

Sample EC (mg/g) PC (mg/g) PC/EC (%)

Dry 142.5 11.3 7.9
Germinated 148.7 11.5 7.7
Cut, germinated 130.0 14.2 10.9
Cut, CWEa 121.2 15.3 12.6
Cut, fungib 125.2 22.0 17.6
aCWE, cell wall extract prepared from A. sojae.
bAspergillus sojae fungi.
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Figure 1 --- Isoflavone structures.

slightly (–4.3%). Soaking seeds and then wounding increased the
total isoflavone content 25.8%. Glyceollin was detected in wounded
seeds at low levels in this group (320 μg/g). Further treatment with a
cell wall extract prepared from A. sojae significantly increased total
isoflavone content 62.6%, and increased the glyceollin concentra-
tion to 1317 μg/g. The highest glyceollin concentration (1575 μg/g)
was observed in seeds treated with the live fungus A. sojae. Treat-
ment with A. sojae also significantly increased the total isoflavone
content (93.1%) to 11.6 mg/g.

Several studies have shown that isoflavones have antioxidant
activity (Gordon 1990; Rice-Evans and others 1996; Kapiotis and
others 1997; Ruiz-Larrea and others 1997; Kameoka and others
1999; Lee and others 2004, 2005), and experiments have been con-
ducted to examine the effect of increasing isoflavone concentra-
tions on antioxidant activity (Lin and Lai 2006). Several factors may
influence isoflavone content and composition, including soybean
variety, growing conditions, and stage of soybean growth (germi-
nation). Establishment of a soybean seedling occurs following ger-
mination and its growth is supported by metabolites produced
by hydrolysis and conversion of major stored reserves, proteins,
carbohydrates, and oils (Liu 1997). In several studies, the total
isoflavone content increased after 1 d of germination (Kim and oth-
ers 2004; Zhu and others 2005; Lin and Lai 2006). Daidzein, genis-
tein, glycitein, and their respective conjugates are the major soluble
isoflavones in seedlings, roots, hypocotyls, and cotyledons during
germination.

Other factors may also cause an increase in isoflavone content.
Soybean seeds (and other soybean tissues) respond to a number
of external stimuli, including wounding, pathogen attack, and elic-
itor treatment (Darvill and Albersheim 1984; Graham and others
1990; Graham and Graham 1991; Paxton 1991; Al-Tawaha and oth-
ers 2005). Damage to the soybean plant caused by insect feeding
or other processes influences changes in the isoflavone composi-
tion of the soybean seed. Wounding increases production of chem-
ical defenses and in particularly induces the isoflavone glyceollins.
Insect damaged seeds have been found to contain higher concen-
trations of constitutive isoflavones, including isoflavone glycosides

Figure 2 --- HPLC chromatogram of soybean seeds after
treatment with A. sojae. 1, Daidzin; 2, glycitin; 3, genistin;
4, malonyldaidzin; 5, malonylglycitin; 6, daidzein; 7,
glycitein; 8, malonylgenistin; 9, genistein; 10, glyceollins
(I, II, and III).

(Piubelli and others 2003). Graham and others (1990) and Graham
and Graham (1991) determined that the preexisting conjugates
of both daidzein and genistein are rapidly hydrolyzed in cotyle-
don tissues infected by a fungal pathogen, whereby large quanti-
ties of free daidzein and genistein are released. The free daidzein
may play a role as a precursor for subsequent accumulation of
the phytoalexin glyceollins. Increased concentrations of isoflavone
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conjugates and aglycones were observed in cotyledon treatments
using a fungal cell wall glucan after 48 h (Graham and others 1990;
Graham and Graham 1991). In our study, the highest levels of con-
jugated and aglycone forms of isoflavones were observed in soy-
bean seeds treated with A. sojae fungus. The glyceollins were ob-
served in seeds when wounded, and the glyceollins were highest in
concentration in the extracts when seeds were treated with fungal
cell wall extract or the live fungus.

Antioxidant activities of soybean extracts
Two different methods have been used to determine antioxidant

properties of extracts isolated from different treatments of the 3
soybean varieties: DPPH free radical scavenging and the inhibition
of β-carotene cooxidation in a linoleate model system. Determina-
tion of scavenging stable free radicals is a very fast method to eval-
uate the antioxidant activity. Figure 3 shows the free radical scav-
enging activities of the soybean treatments calculated using the
amount of extract required to quench 50% of the initial DPPH radi-
cals. In this study, the amount of extract required (ED50) decreased
with each successive treatment. The lowest activity was obtained
from the dry seed extract with an ED50 = 18.6 mg. The highest activ-
ity was obtained using the extract obtained from seeds treated with
A. sojae fungus (10.1 mg extract) significantly lowering the ED50

46% compared with the dry seed extract.
The decrease in absorbance of β-carotene in the presence of dif-

ferent methanolic extracts with oxidation of β-carotene and linoleic
acid was used to calculate the antioxidant activities of each extract.
The antioxidant activities are shown in Figure 4. Seeds treated with

Figure 3 --- Effect of soybean extracts from seed treat-
ments with and without biotic elicitors on DPPH free radi-
cals (expressed as mg extract allowing reduction of 50%
DPPH). Values are means ± SD of triplicate assays. Dif-
ferent letters indicate significant difference (P < 0.05).
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A. sojae cell wall extract and live fungus showed the highest an-
tioxidant activities at 89% and 88% reduction in bleaching, respec-
tively. Lower antioxidant activities were observed in dry (66%), ger-
minated (65%), and germinated-cut (71%) seed treatments.

Soybean isoflavones have been extensively studied because of
their potential to promote human health. One process that may
make isoflavones useful is the growing evidence that shows they
are antioxidants and free radical scavengers (Naim and others 1976;
Mitchell and others 1998; Liebler and others 2001; Rimbach and
others 2003; Lee and others 2004, 2005; Variyar and others 2004;
Lin and Lai 2006). Naim and others (1976) observed that the num-
ber of hydroxyl groups in the isoflavone nucleus positively corre-
lated with antioxidative capacity. Research by Lee and others (2005)
demonstrated that the aglycone forms possess similar antioxidant
activities to their corresponding conjugated forms as shown in
2 assays (ferric reducing-antioxidant power and anti-DPPH assays).
However, using a low-density lipoprotein assay, they found the an-
tioxidant potency of the glycosides was much weaker than the cor-
responding aglycones. Higher levels of isoflavone aglycones have
been observed in fermented soybean foods, which contributed to
higher antioxidant activities (Esaki and others 1999; Iwai and oth-
ers 2002; Pyo and others 2005); however, in each study the soy-
bean seeds were steamed at high temperatures, which prevented
the production of the induced glyceollins during the fermentation
process. High temperatures irreversibly denature practically all en-
zyme proteins within the seed, including those in the isoflavonoid
pathway and lyse cells disrupting the biochemical signaling neces-
sary for glyceollin production. However, research by Seshime and

Figure 4 --- Effect of soybean extracts from seed treat-
ments with and without biotic elicitors on a β-
carotene/linoleic acid system. Values are means ± SD of
triplicate assays. Different letters indicate significant dif-
ference (P < 0.05).

others (2005) has shown that Aspergillus oryzae possesses 4 chal-
cone synthase-like genes leading to the existence of flavonoid-
like methabolic activity. Further research is needed to determine
whether these fungal genes participate in the synthesis of plant
isoflavones, including the glyceollins. In our study, an increase in
isoflavone aglycones and the induced glyceollins was observed in
elicitor-treated soybean extracts. Therefore, the increase of antiox-
idant capacity in elicitor-treated extracts might partially be caused
by these increased levels of isoflavones.

Soybeans contain several naturally occurring compounds other
than isoflavones that have been shown to have lipid antioxidant
properties that contribute to antioxidant activity (Gordon 1990;
Rice-Evans and others 1996; Kapiotis and others 1997; Ruiz-Larrea
and others 1997; Kameoka and others 1999; Lee and others 2004,
2005). Phenolic acids identified in soybean include syringic, vanil-
lic, caffeic, ferulic, p-couramic, and p-hydroxybenzoic acids (Arai
and others 1966). Pratt and Birac (1979) determined that besides
isoflavones the following phenolic acids contributed to antioxi-
dant activity: chlorogenic acid isomers, caffeic acid, and ferulic
acid. During germination, the ascorbic acid content in soybeans in-
creases (Bates and Matthews 1975). All of these compounds may
contribute to higher antioxidant activities observed in germinated,
wounded, and elicitor-treated soybean extracts.

Relationships between phenolic content,
isoflavone content, and antioxidant activity

The total phenolic content of the soybean seed treatments
examined in this study varied from 11.3 to 22.0 mg/g extract
(Table 1). Correlation coefficients were calculated using the an-
tioxidant activity results obtained from the 2 different methods.
Using the ED50 values for radical scavenging activities and the
total phenolic values, a correlation coefficient between these pa-
rameters was r = –0.9783, indicating a high negative correlation
between ED50 values of seed treatments and the content of
phenolic compounds. However, this means that there is a strong
correlation between antioxidant activity and total phenolics since
a lower ED50 value corresponds to higher antioxidant activity. Also,
antioxidant activities obtained from the β-carotene method were
used to determine if there was a relationship with total pheno-
lics. The correlation coefficient between these parameters was r =
0.8105. These results indicate a correlation between total phenolic
content and antioxidant activity. A correlation was also observed
between total isoflavone content (including the glyceollins) and
antioxidant activity. Using the ED50 values for radical scavenging
activities and the total isoflavone content values, a correlation co-
efficient between these parameters was r = –0.9252, indicating a
high correlation between antioxidant properties of seed treatments
and total isoflavone content. Also, a high degree of correlation was
determined between isoflavone content and antioxidant activity
obtained from the β-carotene method (r = 0.9521).

Conclusions

The antioxidant activities of soybean extracts obtained from
varying treatments were compared. The present study in-

dicates that higher antioxidant activities were obtained with
wounded and elicitor-treated soybean extracts when compared
with nonwounded control extracts. In addition, we found higher
phenolic content with wounded and elicitor-treated soybean ex-
tracts. Higher phenolic content correlated with the higher an-
tioxidant activities determined for wounded and elicitor-treated
extracts. Germination for 3 d slightly decreased total isoflavone
content (–4.3%); however, wounding significantly increased total
isoflavone content (25.8%). Higher isoflavone content in wounded
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and elicitor-treated extracts correlated with higher antioxidant ac-
tivities in the DPPH and β-carotene assays. This higher antioxidant
activity is partially due to the higher concentrations of aglycones
detected in elicitor treated extracts. Also identified in the wounded
and elicitor treated extracts were the phytoalexin glyceollins that
contributed to the higher isoflavone contents observed.
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